SUMMARY Colonic motor activity was initiated by infusions of bile salts into the caecum or rectum of the anaesthetized rabbit. Primary bile acids were examined proximally and distally in the colon and elicited marked motor responses. Since dihydroxy bile acids are known to be potent inhibitors of electrolyte and water absorption in the colon, the secondary bile acid deoxycholic acid, the dihydroxy compound most related to cholic acid which is the main bile acid in the rabbit, was examined distally and was also active, but to a lesser extent than cholic acid conjugates in this species. In man, a relationship was found between the faecal bile acid excretion and colonic motility: the introduction of bile acids directly into the human sigmoid colon and rectum also stimulated colonic motility. In man, the dihydroxy compound chenodeoxycholic acid was slightly more active than conjugates of cholic acid.
Reports on the motor action of bile salts on the gastrointestinal tract have been conflicting. Inhibition of the contractility of strips of intestinal smooth muscle has been reported (D'Errico, 1910;  Boulet, 1921; Schwartz and Magerl, 1924) . In vivo experiments indicate that bile salts may stimulate motility (Horrall, 1938; Haney et al., 1939) and the introduction of bile into the colon and rectum results in defaecation (Hallion and Nepper, 1907; Schiipbach, 1908) . However, the purity must nowadays be questioned of bile salt preparations which were formerly precipitated or crystallized from bile with other biliary constituents present as contaminants. Since these were the ones used in the experiments before modern methods ofpreparation, itwas decided to reinvestigate the effect of some bile acids, in the rabbit.
Cholic acid was examined for its action on the proximal colon, since it is the principal primary bile acid present at that site, and also because it is known to have a modest effect on water and electrolyte reabsorption; any motor effect would be more clearly shown to be independent of this action, and attributable to true motor stimulation of the bowel, Received for publication 18 September 1975. more so if precipitate defaecation or diarrhoea were also produced. In the rabbit, the principal faecal or secondary bile acid is deoxycholic acid, derived from cholic acid and conjugated with glycine. The effects of cholic acid were therefore contrasted with deoxycholate, but the taurocholate conjugate was used more frequently than the glycocholate because of its greater solubility.
Methods
The animals used were Edinburgh University Bush strain rabbits, 4 to 6 months old, weighing between 2.5 and 3 kg. They were fed on rabbit pellets, were free of disease, and were fasted for a period of 12 hours preceding each experiment.
The bile acid conjugates used were obtained from the Maybridge Chemical Company, Tintagel, Cornwall, and their purity was at least 90% as measured by gas liquid chromatography. In some experiments the rabbits were repeatedly used, thus serving as their own control and minimizing within-subject differences. In this group a Portex intravenous cannula, implanted under general anaesthesia through the rabbit's abdominal wall, was inserted into the appendix which was sutured to the peritoneum of the abdominal wall. The proximal end was buried under the skin. After a two week interval, when the animal had recovered from the operation, infusion experiments were performed by the mere puncture of the skin with a needle. As in the single experiment it was established, using dye, that the infused fluid remained confined to the proximal colon and at the end of the tests the histology of the liver, appendix, and caecum was found to be normal. The serum lactic dehydrogenase was unchanged following the repeated anaesthesia (179 I.U./l before; 134 I.U./l after); the SGOT also remained unchanged (6 I.U./l before; 6 I.U./l after).
3. Introduction of bile acids into sigmoid colon The colonic motility response after infusion of various concentrations of sodium glycocholate (1mM to 30mM) and sodium deoxycholate (3mM to 24mM) into the sigmoid colon relates to the concentration of bile acid injected (Fig. 3) . The effect for each compound is different, sodium glycocholate being more active in eliciting motility effects. Defaecation resulted from concentrations greater than 15mM. The change in motility occurred within 10 to 15 minutes of the infusion and was therefore much more prompt than with bile salts given into the caecum. Control experiments with water caused no Fig. 1 The bile acid which is the end product of cholesterol catabolism in the rabbit is cholic acid, conjugated with glycine (Haslewood, 1968) ; there is virtually no chenodeoxycholic acid in these animals. Our studies were therefore confined to cholic acid and the secondary bile acid deoxycholic acid which, in the rabbit, is the principal bile acid present in the faeces. It is known from other animal and human experiments that dihydroxy bile acids-namely, chenodeoxycholic acid and deoxycholic acid-are potent inhibitors of sodium and water reabsorption from the colon (Mekhjian and Phillips, 1970; Mekhjian et al., 1968 Mekhjian et al., , 1971 ; hence their association with watery diarrhoea. But the diarrhoeal effect of bile acids could independently be exerted on the motor function of the gut. It seemed necessary therefore to examine the parent cholic acid since it is present in the proximal gut, with modest effects on sodium and water reabsorption; deoxycholic acid was also examined since it is the predominant compound in the distal colon and, as a dihydroxy compound, might be expected to have contrasting actions with cholic acid on salt and water reabsorption. In preliminary experiments, taurocholate behaved as glycocholate so that, despite the inappropriateness to the species, the biologically equivalent taurine salts were used because of greater water solubility leading to greater ease of experimental handling.
Our results show that there was a statistically significant increase in sigmoid colonic motility after the infusion of conjugates of primary bile acids into the caecum (p < 0.006). This motility response was not likely to be due to the infused bile acids advancing directly along the lumen to stimulate the sigmoid directly as dye infusion showed that the bolus remained in the right side of the colon throughout the experiment. Similarly volume alone or osmolality were not responsible: the osmolality of the bile salt solution was < 40 mmol in contrast with distilled water (0) and saline (275); neither of the latter had stimulating effects.
The experiment involving the indwelling cannula was developed to allow repeated experiments and to eliminate inter-animal variation. It is interesting that the maximal response was obtained after the same interval (30 to 45 minutes) as in the single experiment. The control solutions (both saline and water) exerted an inhibitory effect which was most marked at the same time interval as that observed after maximum stimulation by bile acid solutions. The interval before the response is recorded suggests a response beginning in the caecum and propagated distally. The delay in the motility response could also be due to the secondary release by bile acids of intermediary factors which themselves stimulate the colon.
In the acute experiments, there appears to be an exponential relationship between the basal motility and the percentage change in motility in response to bile acid solutions. Animals with a high basal motility had a poor motility response to the injection of bile acids, while animals with a low basal motility had a high motility response. The possibility exists that the high basal motility found in some animals might be accounted for by the presence in the caecum, before the experiment, of a high concentration of bile acids.
The response of the sigmoid colon to direct contact with bile acids occurred at 10 minutes. In these experiments, there was a high degree of correlation between the response of the sigmoid colon and the concentration of the bile acids instilled, the effect being greater with primary bile acids than secondary ones. Since the secondary ones mainly reside in the distal colon, there would be little spontaneous tendency for motility to be stimulated by bile in the contents of the lumen at this level. But should primary bile acids for any reason predominate, then bile might begin to stimulate the gut via its constituent bile acids. In the rabbit, the dihydroxy compound most appropriate to cholic acid, deoxycholate, was less active than conjugates of this, the main bile acid of the rabbit; whereas in man the dihydroxy compound, chenodeoxycholic acid, has been principally associated with cholerrhoeic enteropathy (Mitchell et al., 1973) .
Although there is a dose-response relationship between bile acid concentration and change in the motility index with infusion of bile acids into the sigmoid colon, this relationship was not found after caecal instillation; this suggests a direct effect on the sigmoid colon when locally instilled, but perhaps only an indirect sigmoid motor response when the caecum is perfused. When abnormally high concentrations of bile acids were instilled (15mM to 30mM), the colon responded with abnormally high motor activity and defaecation resulted.
This study suggests that intraluminal bile acid conjugates can affect colonic motility. For this reason, endogenous and exogenous bile acids were examined for motor activity in humans (Part 2).
Part 2 The human
Bile flowing down the intestinal tract from the duodenum onwards has been shown to stimulate intestinal motility (Horrall, 1938) . The availability of modern synthetic preparations of bile acids renders it possible to compare possible motor actions of primary and secondary bile acids. It is known that chenodeoxycholic acid is principally responsible for the watery diarrhoea of ileal resection (Mitchell et al., 1973) . It is not known whether this effect relates to changes in water and salt excretion from the colon or to an alteration of its segmental motor activity.
As in the rabbit experiments (Part 1), the effect of bile acid on motility was studied by a somewhat indirect method.
A group of diarrhoeal patients with enhanced
Bile acids and colonic nmotility in the rabbit and the human faecal bile acid excretion were examined, all of whom had solely primary bile acids in the stoolthat is, chenodeoxycholic and cholic acid (Mitchell and Eastwood, 1972) . A control group of diarrhoeal patients with normal faecal bile acid excretion was also studied; the bile acids in this situation were entirely secondary-that is, deoxycholic and lithocholic acid.
In a further group of patients the primary bile acids, chenodeoxycholic acid and cholic acid, were instilled into the sigmoid colon.
Methods
Group 1 consisted of seven patients with a daily bile acid excretion in excess of 1000 mg. Six of these patients had post-ileal resection and one had postvagotomy diarrhoea. The second group consisted of five patients with a daily faecal bile acid excretion of less than 1000 mg. Two of these patients had post-ileal resection diarrhoea, one had Crohn's disease without resection, and two had postvagotomy diarrhoea. Details of group 1 and group 2 patients are shown in Table 1 . Group 3 consisted of patients who were referred for routine colonic motility studies as part of their investigation; for undiagnosed abdominal pain, because of the irritable colon syndrome, or diverticular disease. Seven were given taurocholic acid and seven sodium chenodeoxycholic acid in aqueous solution directly into the sigmoid colon. Daily faecal bile acid excretion was not measured in these seven patients.
COLONIC MOTILITY STUDIES
Colonic motility studies were performed on all patients in groups 1 and 2 during basal, post food and post prostigmine periods (Smith et al., 1971 ). In the group 3 patients, however, the post food period was omitted and in its place 50 ml of a control solution or a bile acid conjugate solution was infused into the sigmoid at 25 cm over five minutes and the motility thereafter recorded for 30 minutes.
The results were expressed as a colonic motility index.
FAECAL BILE ACID ESTIMATION
Stools were collected for a period of at least three days and daily faecal bile acid excretion was determined using the method of Evrard and Janssen (1968) as modified by Mitchell et al. (1973) .
Results

GROUPS 1 AND 2
The basal, post food and post prostigmine motility indices and the daily faecal bile acid and faecal fat results of patients in groups 1 and 2 are shown in Tables 2 and 3 respectively. There was a significantly higher motility index after prostigmine in group 1 (3581 ± 525) compared with group 2 (1442 ± 262) (p < 0.005) and to a lesser degree after food (1463 ± 140, group 1: 655 ± 178, group 2, p < 0.05). Although in the basal period the motility index was higher in group 1, this difference was not statistically significant. Instillation ofbile acids into the sigmoid The results of infusing solutions of differing concentrations of the bile acids, chenodeoxycholic acid and taurocholic acid, into the sigmoid of 14 patients are shown in Table 4 . These solutions caused a significant increase in motility for taurocholic acid (p < 0-0125).
There was a comparable response in four subjects given chenodeoxycholic acid; diarrhoea was caused in three more subjects so that the experiment in their case was incomplete; yet the motor response estimated for the period studied was excessive (Table 4) . The same volume, 50 ml distilled water, caused inhibition of colonic motility and there was no diarrhoea.
Discussion
Diarrhoea patients with a primary bile acid excretion (group 1 patients) had a significantly greater motility index (p < 0-005) than patients with diarrhoea and secondary bile acid excretion only (group 2 patients).
The finding that diarrhoea patients with a high faecal bile acid excretion had a significantly higher colonic motility index in the post food and post prostigmine periods than patients with a much lower faecal bile acid excretion suggests that bile acids may be a factor in the production of this abnormal motility. There was a significant correlation ( Figure) between motility caused by food and prostigmine and the daily faecal bile acid excretion. The motor action is further supported by the results obtained when solutions of taurocholic acid and chenodeoxycholic acid were infused into the sigmoid colon (Table 4 ). In view of these findings, it seems possible that abnormally high quantities of bile acids, mainly primary ones, in the colon cause diarrhoea not only by inhibiting the absorption of water and electrolytes but also by eliciting colonic motor activity. These observations in the human subject are not exactly the same as in the rabbit experiments (Part 1). Whereas, in the rabbit, bile acids were infused into the caecum, in the human observations we have resorted to measurement of the faecal bile acid content as a means of determining the activity of the compounds present in the colon and passing through it. The association of diarrhoea with a raised motility andraised bile acid excretion, in many instances after an ileal resection, may be a special case and is not necessarily the same as diarrhoea studied by Connell (1962) where the motility index was low. Our second group with diarrhoea had both a low motility index and quantitatively and qualitatively a normal bile acid excretion and these cases are perhaps more akin to those studied by Connell (1962) . The bile acids which could be most of all implicated as raising the motility-for example in group 1-were chenodeoxycholic acid and cholic acid. The motor effects found were marginally higher for the dihydroxy bile acid, chenodeoxycholic, than for cholic acid, when these compounds were introduced into the distal bowel, which contrasts with the situation in the rabbit where the most appropriate dihydroxy compound was less active than a cholic acid conjugate.
The motor effect might thus appear to be more related to the primary or secondary status of the bile acid than to the number of hydroxyl groups. The group 1 patients with primary bile acid excretion had a higher motility index than the group 2 patients with secondary bile acids. These two groups differed in other respects. Firstly, the group 1 patients had a bigher total bile acid excretion than the group 2 patients, and, secondly, the group 1 patients had solely primary bile acids in their stool, whereas the group 2 patients had solely secondary bile acids. The conclusion that the difference in motility index is related to total bile acid excretion is supported by the finding of a significant correlation between these two variables ( Fig. 1; Part 2) . The secretory effect of bile acids is related to the number of hydroxyl groups rather than to the division into primary and secondary bile acids, dihydroxy bile acids producing the more marked secretory effect. The precise site and mechanism of the motility effect of bile acids however, remains to be elucidated. 
